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Introduction
Numerous fatal mushroom poisonings occur yearly in Europe, for which Amanita phalloides and Amanita virosa have been mainly responsible. Due to the rarity of A. phalloides, the most feared poisonous toadstool in Finland is A. virosa. The toxicity of other fungi is generally considered to be slight. The public has, thus, generally only been warned to beware of white mushrooms.
However, in the last few years several cases of rare types of mushroom poisonings have been made public in Finland. A latent period of several days and renal toxicity have been characteristic of the poisonings1. These poisonings resemble those oc curring in Poland in the 1950's which were caused by Cortinarius orellanus2'3. C. orellanus is not known to be found in Finland. Thus, it is suspected that in Finland these poisonings have been caused by C. speciosissimus which closely resembles C. orel lanus, and which is said to contain the same kind of toxins as C. orellanus 4.
Identification of the fungus causing poisoning is often difficult, especially if the latent period is several days. It is possible that the mushrooms eaten by the patient may have included a toxic species that is not present in the rem aining sample. As mushroom poisoning caused by the genus Amanita has been succesfully studied by means of animal experiments, we wanted to demonstrate poisoning by Cortinarius speciosissimus with specimens col lected in Finland. As the genus Cortinarius consists of a great many of species, it is possible that it in cludes many poisonous species in Finland as well. For this reason the other member of the genus, C. gentilis, which resembles C. speciosissimus, was in cluded in the animal toxicity experiments.
Materials
Two each other resembling orange brown Cor tinarius species with yellow zones in the stem were used: C. speciosissimus Kühn. & Romagn. and C. gentilis Fr. The material was collected in Eastern Finland near the city of Kuopio in the district of North Savo (Savonia borealis, S b). The collections and localities are more closely described below. fruit-bodies were found in an area of ca. 10 m2.
At the second time (Sept. 10) the usable m aterial was scanter; many overaged and infected fruitbodies were seen.
Cortinarius gentilis Fr.
The material was collected by Mrs. Lahja Hakala in Sb, Vehmersalmi, on the southern slope of Puutosmäki hill, 23. IX. 1973. C ap : width 3 -5 cm, ferruginous yellow to orange brown, bell-shaped, expanding with age, re taining a small acute umbo even when mature, hygrophanous. Gills: broad, distant, colour of the cap or somewhat deeper reddish brown with age. Stem: more slender than in the previous species: length 8 -10 cm, thickness 0.3 -0.6 cm, base often attenuated into a root-like extension, orange brown with a few fibrillose, easily disappearing yellow zones. Spores: subglobose to ellipsoid, minutely warty, smaller than in C. speciosissimus: 7 -8.5 x 5 -6.5 //m (100 measurements, spores taken from dried m aterial). H abitat: coniferous forest with Picea abies as domi nant tree; ground covered by moss (mainly Pleu rozium schreberi). Nearest accompanying fungal species was Lactarius rufus. Occurrence: The fungus was quite abundant, though there had already been frosts. All the C. gentilis material and the first C. specio sissimus collection (HH. No. 72) were originally collected as herbarium specimens, and thus dried and thereafter frozen for a week in -20 °C in order to kill eventual harm ful organisms. In ad dition, the C. gentilis m aterial had been stored in room temperature for a year. -The second C. speciosissimus collection (HH. No. 75) was merely dried and immediately thereafter sent to be used in experiments.
Methods
24 two month old, male, Sprague-Dawley strain rats were used in the experiment. Their weights ranged from 130 to 188 g. The animals were d i vided into four groups, of six each. The rats were fasted for 18 hours prior to the adm inistration of the mushroom, but received water ad libitum. Group I served as a control group, receiving only water. Group II received C. speciosissimus, which had been first dried and then frozen. Group III re ceived C. speciosissimus which had only been dried, and group IV received C. gentilis. A mature m ush room, including the stem, was selected from each group of specimens (dry weight 500 -650 m g ). It was homogenized to a water suspension, using the Potter-Elvehjem glass homogenizer. 10 ml/kg of the suspension thus obtained was administered orally to the rats by stomach tubing. The rats in each group received a dose of 500 mg dried mushroom/ kg body weight. The rats were subsequently weighed daily.
Three rats from each group were killed after nine days: group I/rats 4 -6, II/4 -6, III/4 -6 and IV /4 -6. At the end of 13 days one rat from each group was killed: group I/ra t 3, II/3, III/3 and IV /3. The remaining rats (group I/rats 1 -2, II/ 1 -2, I I I / l -2 and IV/1 -2 ) were killed 17 clays following the administration of the mushroom. The rats were not fasted prior to the killing, which was carried out by cutting the aorta under light ether anesthesia. Immediately prior to the killing a blood sample was obtained by cardiac puncture. The thymus, heart, liver, spleen, kidneys, adrenal glands and testes were weighed. Samples obtained from the above organs were embedded in paraffin, sliced into 7 //m sections and stained with the hematoxylineosin technique. Serum urea was determined by splitting urea into ammonia and carbon dioxide using urease, and the determination performed employing Berthelot's phenol-hypochlorite reaction.
Results
A slight delay in weight gain was found in rats II/3 and III/3 . Rat III/5 clearly began to loose weight after three days. The weight gain and be havior of the other animals were normal.
From Table I we see that the largest relative kidney weights were found in test group III, which received dried Cortinarius speciosissimus. The weights were greatest for animals 1, 3, 5 and 6 . II the kidneys of animal 3 had a high relative weight (received C. speciosissimus which was first dried and then frozen ), but the serum urea was not elevated. In m icroscopic studies * changes were demonstrated only in the kidneys,, the rest of the organs being normal (thymus, heart, liver, spleen, adrenal glands and testes). Table III shows that the renal lesions considered to be the most severe were found in the Table III 
D iscussion
This study shows that both of the mushroom species collected from near Kuopio, which were under investigation, Cortinarius speciosissimus and C. gentilis, caused renal damage in rats. A few cases of mushroom poisoning, occurring in Finland in the past few years, have sim ilarly caused only renal d a m a g e1. In these cases it is suspected that the poisoning was caused by C. speciosissimus, which is known to contain toxins sim ilar to those of C. orellanus which has caused sim ilar poisonings in cularly im portant in light of the prevailing world food shortage. Mushrooms comprise a large, so far little tapped, source of energy. Generally the sensitivity of fungal toxins varies greatly between individuals5. This was also ob served in this study. The same dose of fungus caused relatively serious renal changes in some rats, but left the kidneys of some individuals, in the same group, completely normal. Serum urea was shown to be elevated above control levels only in those rats whose kidneys were relatively seriously dam aged. For this reason it can be assumed that m inor renal damage caused by species of Cortinarius re mains hidden. Because several cases of serious renal damage, apparently caused by Cortinarius species, have occurred in Finland, it is possible that there are hundreds of thousands of cases of m inor renal damage.
In this study group II received C. speciosissimus which had been dried and frozen and group III re ceived C. speciosissimus which had only been dried. Both groups of mushrooms caused renal damage. Generally, however, it can be demonstrated that in the rat group (III) which received mushroom that had only been dried, the renal damage was more serious. W hether this difference is a result of the freezing, of differences in the individual reactions of the rats, or of differences in the toxicity of the individual mushroom specimens remains to be clarified by future experiments.
Mushroom poisonings are divided into two groups according to whether symptoms begin rapid ly, within six hours, or are delayed6. Cortinarius species belong to the latter group 1-3. In this study the first rats were not killed until nine days after the adm inistration of the mushroom. At that time the renal damage was already fully developed. In many respects it would be the most interesting to find out what degree of renal damage occurs im mediately after the adm inistration of the mushroom. A complete understanding of the process of poison ing is essential to the development of effective methods of therapy in cases of mushroom poison ing.
